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The Physics of the Sub-oceanic Crust. 

In the new edition of his “Physics of the Earth’s Crust,” 
Mr. Fisher has made a great advance on his former position, for 
he sees his way to explain the formation of mountain chains, and 
all the phenomena of compression which are so strikingly 
exhibited in the crust of the earth, without depending on his 
former theory of columnar expansion, and without falling back on 
the contraction hypothesis. 

He believes that the existence of a liquid substratum beneath 
a thin crust is consistent with the physical conditions of the 
universe ; and argues that no appreciable tide would be produced 
in it if the liquid magma consisted of an intimate association of 
fused rock and dissolved gases. He further concludes that this 
magma is not an inert or motionless liquid, but one in which 
convection currents are constantly bringing up heat from below, 
and leading to frequent internal displacements of mass. 

In this hypothesis he finds a means of explaining the move¬ 
ments of the earth’s crust. Whether Mr. Fisher’s position can 
be maintained must be decided by those who are accustomed to 
deal with the physical problems involved, but geologists will be 
glad if it should prove that the objections to the existence of a 
liquid substratum have been successfully met, for they have 
always found a difficulty in explaining geological phenomena 
without having recourse to the supposition of a liquid layer. 

One of the most important chapters in the book is that on the 
sub-oceanic crust, and it is on this that I propose to offer a few 
remarks, taking it for granted that a truly liquid substratum with 
a play of convection current? does really exist. 

Mr. Fisher’s, object is to ascertain the thickness and density of 
those parts of the crust which lie beneath the oceans, and to see 
whether in these respects they differ from the continental 
portions. This he does by making a series of assumptions, and 
considering how far the results are compatible with known facts 
and conditions. This process involves the dismissal of certain 
hypotheses, but although he eventually finds one which fulfils the 
requisite conditions, it does not follow that no other equally 
satisfactory hypothesis can be found. Consequently his results 
though interesting cannot be regarded as final. The suppositions 
he is obliged to introduce before obtaining satisfactory results 
are, that the density of the subtratum beneath the continental 
and the sub-oceanic portions of the crust is different, and that the 
sub-oceanic crust consists of two layers of different densities. 

It is conceivable, however, that the lower part of the crust is 
everywhere denser than the upper part, and consequently that two 
layers of continental crust should be introduced into the problem ; 
whether this hypothesis would likewise fulfil the conditions, and 
whether it would lead to the same results as that which Mr. 
Fisher adopts, could only be ascertained by trial. Mr. Fisher 
informs me that he has not made this trial, and that every 
additional assumption introduced increases the great labour of 
the calculations. 

Let us assume, however, that no other hypothesis would satisfy 
the conditions so well as that which he has adopted, and let us 
see to what conclusions it leads. Mr. Fisher derives from it the 
following important results :— 

(1) That the sub-oceanic crust dips more deeply into the 
substratum than the continental crust. 

(2) That its lower part is more dense than the substratum. 

(3) That the density of the liquid substratum is less beneath 
the oceans than beneath the continents. 

This last result leads to the conclusion that the differences of 
density in the substratum must give rise to ascending and descend¬ 
ing convection currents, and that the ascending currents will rise 
beneath the oceans while the descending currents will occur 
beneath the continents. “That the former occupy so much 
larger an area is,” he says, “no more than we might expect, 
because to whatever immediate cause they may be due, they are 
ultimately the result of secular cooling. . . . The descending 
being merely return currents will be confined to the smaller area, 
but on that account they will move the more rapidly.” 

Finally he says that these conclusions confirm the theory of the 
permanence of oceans, “because it is difficult to conceive how 
the subjacent crust, once more dense, can have subsequently 
passed into the less dense condition which would be requisite to 
render it continental.” I venture to think he is hardly justified 
in making this unqualified statement, and purpose to show that 
his results only confirm the theory of the permanence of oceans 
in a limited and partial manner. 

In the first place, if chapters xvii. and xxiv. are read carefully, 


it will be obvious that Mr. Fisher uses the terms oceanic and sub- 
oceanic in a special sense. On p. 233 he classes areas having less 
than two vertical miles of water as “ extensions of the elevations 
that produced the continents,” and even those with depths of two 
to three miles of water he regards as “sometimes connected with 
and prolongations of the first.” In other words, he looks upon 
the shallower parts of the great oceans from a continental coast¬ 
line to a depth of at least 2000 fathoms as extensions of the 
continental elevations. 

Again, on p. 331 we find him saying that New Caledonia and 
the Seychelles are not properly speaking oceanic islands, because 
the first is a prolongation of the submerged ridge which connects 
New Zealand with North Australia, and because the latter 
belongs to an extension of the Madagascar ridge into the Indian 
Ocean. Now a reference to the physical chart of the oceans 
given in the “Narrative of the Cruise of the Challenger” 
(vol. i.) shows that the iooo-fathom line completely encircles 
New Caledonia and the adjacent islands, and that the submerged 
ridge which he speaks of would be a very narrow one unless we 
regard it as extending to the line of 2000 fathoms ; but this line 
includes also the Solomon Islands, the Fijis, and the Friendy 
Islands, so that if New Caledonia cannot be considered as an 
oceanic island neither can the other islands just mentioned,, 
though no one would reject them from that category on other 
grounds. Similarly, the Seychelles and Amirantes are surrounded 
by water of more than 1000 fathoms, and are usually regarded as 
oceanic islands. The same may he said of Barbados, where 
stratified Neozoic rocks are found. 

The contour-line of 1000 fathoms has, I think, been generally 
taken by recent writers as the approximate limit of the 
continental elevations, the space outside this being regarded as 
oceanic; the islands which rise from depths of over 1000 
fathoms would on this view be necessarily classed as oceanic, 
and as a matter of fact all such islands come within the terms of 
Sir A. Wallace’s definition of an oceanic island except that a 
few of them are not entirely of volcanic or coralline composition. 
To exclude all the islands which rise from within the 2000-fathom 
limit would necessitate the division of oceanic islands into two 
classes, the definition of which would be difficult. 

I am not saying that such a distinction would be incorrect, or 
that Mr. Fisher has no right to assign larger limits to the 
continental elevations and narrower limits to the oceans : I only 
desire to show that he takes a special view, and that he declines 
to regard islands which rise from less than 2000 fathoms as 
specimens of the sub-oceanic crust. His discussion of the 
probable structure of the sub-oceanic crust deals therefore with 
areas which are covered by water of three miles or more in depth— 
that is to say, from about 2500 to 5000 fathoms, and the 
comparison which he makes between patches of sub-continental 
and sub-oceanic crust is really between a piece of continental 
land and a piece below an area of deep ocean at a considerable 
distance from the continents. 

With regard to this point, I have had the advantage of a 
further explanation from Mr. Fisher ; writing to me he says:— 
“ My sub-oceanic patch may be anywhere under the ocean, but 
you must remember that all the quantities are subject to change 
except r, p, p, or, as 5 diminishes ; i.e. as the ocean grows 
shallower toward the coast-lines, the thicknesses and densities 
merge into those at the sea-level, the second layer of the sub- 
oceanic crust at the same time thinning away to nothing. You 
are quite right in thinking that in a general way in discussing 
the sub-oceanic crust I am dealing with the crust at a consider¬ 
able distance from the continents.I do not profess to 

explain the structure of the crust of the earth in those parts which 
appear to have sometimes been land and sometimes sea. I 
should, however, guess that having been at times land the 
crust there resembles the present continental crust. Still the 
equations (p. 242) must apply to these parts if only we knew 
what assumptions to make.” 

Since, therefore, there are regions of sub-oceanic crust the 
structure of which may resemble that of the continental crust 
rather than that beneath the central parts of the oceans, it is 
clearly of importance to consider the position and extent of these 
regions. Let us first take that part of the Pacific Ocean in which 
New Caledonia is situate ; if we are to regard it as a submerged 
plateau which may once have been continental land, it acquires 
a special interest. The contour of 2000 fathoms which unites 
New Caledonia to Australia and New Zealand extends from the 
north coast of New Guinea by the Solomon Islands to Samoa, 
and then bends southward to New Zealand, but curves out again 
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so as to include the Chatham and Antipodes Islands, some 600 
miles to the south-east of New Zealand. Southward it has a 
connection with the Antarctic continent, but a deep gulf of over 
2000 fathoms runs far up outside the east coast of Australia. 
The area within the 2000-fathom line measures about 2500 
miles across its northern portion, and has an extreme length of 
about 3600 miles from its northern border to the south end of 
New Zealand. 

If this large area is not to be regarded as strictly oceanic—that 
is to say, if the physical structure of the crust beneath it differs 
from that of the crust beneath the deeper ocean outside it—and 
if its geological history is different from that of this deeper 
oceanic area, and is comparable with that of a continent, then a 
very important modification is introduced into the theory of the 
permanence of oceans and continents. 

We learn that an area now covered with oceanic deposits may 
not have been always ocean, and this is precisely what Lyell and 
his followers have always maintained ; for if so large a part of 
the Pacific may have been land (say in the Cretaceous period), 
there has been what most geologists would consider to be a 
change from continental to oceanic conditions ; and if, being such 
a transmutable region, it may eventually be raised again till 
large parts of it become land surfaces, round which shallow 
water deposits could be formed, it would exhibit strata of deep- 
sea origin (usually called oceanic) intercalated between forma¬ 
tions of the ordinary continental type. 

Another region where similar transmutations appear to have 
taken place is that of the West Indian Islands with the adjoining 
area of the Caribbean Sea and a portion of the Western Atlantic. 
Of this region the structure of Barbados is an illustration. 
That island conforms to the ordinary definition of an oceanic 
island; it is separated from South America and the rest of the 
Antilles by water of over 1000 fathoms, and the scanty fauna 
which it possesses is not such as would have been introduced by any 
former land connection. Its geological structure is simple but 
striking: there are no volcanic rocks, but a basal series of 
sandstones and clays that are similar to the older Tertiaries of 
Trinidad, and may be regarded as testifying to a former northern 
extension of the South American continent ; above these are 
oceanic deposits, consolidated radiolarian and foraminiferal oozes, 
which appear to be of very late Tertiary age (Pliocene or 
Pleistocene). Capping the whole are raised coral reefs. Here, 
therefore, is part of a continental (or shallow sea) area which has 
sunk into oceanic depths during the Tertiary period, has received 
a burden of oceanic deposits, and has risen again to be invested 
with a formation of essentially shallow water origin. Certainly 
geologists have no proof of greater geographical changes than 
this, though Europe affords evidence of quite as great a change, 
for in the area of the European chalk we have an instance of 
similar oceanic conditions to those under which the Barbados 
earths were deposited ; yet this area was continental land before 
the Cretaceous period, and has again become so since that 
period. 

The other oceanic areas which have less than 2000 fathoms of 
water over them are the Arctic Ocean, the southern part of the 
Indian Ocean, and part of the North Pacific between America 
and Kamchatka. It would appear then that we may claim 
these regions, together with the Caribbean area and a large part 
of the Western Pacific, as areas which have been interchangeable 
with the present continental surfaces. 1 

Mr. Fisher does not discuss the subterranean structure of the 
shallow ocean areas, but in his letter already quoted he inclines 
to think that the crust beneath them is similar to the continental 
crust, and this view is borne out by the structure of certain 
oceanic islands ; but though the density and general structure of 
the crust may be similar to that of the continents, the condition 
of the liquid substratum may not be exactly the same, or rather 
there may be differences in the force and direction of the 
convection currents which traverse the substratum. 

In chapter xxiv. Mr. Fisher does briefly consider the condition 
of the substratum in the tracts that lie between the continents 
and the [deep] oceanic regions. Having shown that, if the 
density of the substratum is less beneath the ocean than beneath 
the land, the convection currents must rise beneath the oceans 
and descend beneath the continents, he points out that there 
must be a certain space between the lines of ascent and descent 
where the currents will move more or less horizontally. In this 
horizontal movement he finds a force capable of exerting strong 
pressure on the continental crust. Now in some parts of the 

1 The ridges in the Central and Southern Atlantic do not come within the 
category of shallow oceans. 


world the space along which these horizontal currents move may 
be narrow, but in others it is probably broad : thus, on the east 
side of the Pacific, where the change from ocean depths to moun¬ 
tain heights is rapid, this space is doubtless small, but on the 
west side of the same ocean, as we have seen, there is a broad 
intervening area of shallow ocean, and beneath this the currents 
that move westward may continue to be mainly horizontal till 
they reach Australia. 

The behaviour of convection currents is so little understood 
that one cannot predicate much about them ; there would prob¬ 
ably be a certain play of ascending and descending currents 
beneath the broad semi-oceanic area as well as horizontal 
currents, and very slight changes may cause these to vary in 
volume and to alter their positions ; such a region is therefore 
likely to be in a state of unstable equilibrium, and its upheaval 
or further subsidence would depend on the balance that is 
established between the three sets of currents in the liquid 
substratum beneath it. 

Another question suggests itself—namely, whether the oceans 
have always been as deep as they are now. According to Mr. 
Fisher’s results, the mass of the sub-oceanic crust is greater than 
that of the sub-continental crust, but he gives reasons for thinking 
that its thickness is not greater, and if this is so, then its density 
must be greater ; and it is from this he deduces the permanency 
of the oceans, because it is difficult to conceive of the denser crust 
becoming less dense, which would be necessary before any part 
of it could be converted into a continent. But though this 
difficulty certainly exists, it does not preclude the possibility 
of the sub-oceanic crust having been originally less dense than it 
is now ; it may have been growing denser, and there may have 
been a corresponding increase in the size and depth of the oceans 
at the expense of the continents. His results, in fact, do not 
involve the permanency of the present continents, or of the pre¬ 
sent relative proportions of land and water surfaces. We are at 
liberty to imagine a time when there was much more land than 
there is at present, and when all the oceans were comparatively 
shallow; there being at this early period less difference in the 
comparative density of the sub-oceanic and sub-continental crust. 

We may, in fact, postulate a secular increase in the size of the 
oceans and in the depth of the ocean basins corresponding to a 
secular increase in the density of the sub-oceanic crust ; and 
possibly as a consequence a general increased stability of the 
whole crust. 

The supposition of a secular increase in the depth of the 
oceans is in accordance with the evidence of geological history, 
for if there had been such an increase we should expect to find 
that oceanic deposits of the modern type were essentially Neozoic 
formations, and would not occur among Palaeozoic rocks ; and 
such appears to be the case. At present we do not know of the 
existence of any purely oceanic limestone that is older than the 
Cretaceous period ; and among the Palaeozoic rocks there are none 
which appear to have been formed at any great distance from 
continental land. 

I think it has now been shown that Mr. Fisher’s conclusions 
do not give unqualified support to the theory of the permanence of 
oceans, but that, on the contrary, they are consistent with two 
important limitations of the theory—limitations which had 
already been suggested by geologists before the publication of 
Mr. Fisher’s book. Thus, Prof. Prestwich has expressed the 
opinion 1 “that it is only the deeper parts of the great ocean- 
troughs that can claim the high antiquity which is now advocated 
for them by many eminent American and English geologists” ; 
and I have suggested the probability that “ the tendency of all 
recent geographical changes has been to deepen the ocean- 
basins, and to raise the mountain-peaks to higher and higher 
elevations.” 2 

It is therefore satisfactory to find that the results of purely 
physical and mathematical reasoning, on the one hand, and of a 
consideration of the geological evidence, on the other hand, are 
so closely in accord. The importance of this agreement consists 
in the way it opens for the reconciliation of two opposing 
geological schools : an important limitation is imposed on the 
Lyellian belief in the past interchange of oceanic and continental 
areas ; while the extreme view, held by Dana and others, that 
there has been no such interchange at all, may be equally far 
from the truth ; the probability being that truth lies midway 
between the two extremes. 

It is also worthy of note that the hypothesis of a secular 
increase in the depth of the oceans and the heights of the moun- 

1 “Geology,” vol. ii. p. 547. 

2 “ The Building of the British Isles,” p. 334. 
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tains brings the whole succession of past geological changes 
within the scope of a general theory of geographical evolution. 

A. J. Jukes-Browne. 

The Composition of the Chemical Elements. 

My excuse for troubling your readers with this well-worn theme 
is that a definite hypothesis is possible, which, should it be fully 
borne out by the facts, appears to afford a remarkably complete 
explanation of the periodic law, as set forth in Prof. Mendeleeff’s 
table. 

The periodicity exhibited by this table is double, alternate 
series presenting members which have high or low atomic 
volumes, are fusible or infusible, &c. 

Should the elements be really simple atoms, it would be im¬ 
possible to account for this fact without introducing occult differ¬ 
ences of quality, from which it has been all along the aim of 
chemical science to free itself. Undoubtedly periodical variations 
in the size and shape of the atoms might account for the dual 
periodicity of their properties, but nothing satisfactory can be 
gleaned from stich an explanati on. Besides, we are accustomed 
to regard differences of properties in compounds as dependent on 
composition, even should their molecular weights be similar. It 
may also be urged that, if the elements are supposed single, their 
properties should vary with increase of weight in some con¬ 
tinuous manner, and not sway to and fro so remarkably. I am 
aware that Prof. Mendeleeff himself does not take this view (cf. 
Chem. Soc. Journ., October 1889), but it is one that is widely 
spread, and is held by other eminent chemists. 

It is, however, possible to push too far such analogies as that 
of a series of organic compounds. Important differences exist 
between such a series and that of a natural family of the ele¬ 
ments : for example, the specific refract ion equivalents are not 
at all analogous in the two cases. Specific heat determinations 
show that, as a rule, an element moves as a single solid mass. 
But these considerations need prove nothing more than that we 
must be prepared to deal, in the case of the elements, with 
affinities of a different order—perhaps brought into play by vastly 
different conditions—from those found in ordinary compounds. 

If the elements are assumed to be composite radicles, then, in 
stating their hypothetical composition, there is material ready to 
hand. The famous principle known as “Occam’s razor” 
applies here as elsewhere. Hypothetical elements should only 
be introduced where other considerations are plainly in favour of 
the suppositions involved. 

The elements form natural families of two groups each, six of 
them having for their types the following : Li, Be, B, C, N, 
and O. 

Since the properties of the typical element run all through the 
members of a family, then (on the hypothesis that properties 
depend upon composition) we should expect it to be found in the 
formulae of the remainder. 

The hypothesis here advanced is, that the periodicity of the 
properties of the elements is due to the dependence of the pro¬ 
perties of each element upon those of the typical element of the 
family to which it belongs, together with the mode of its c m- 
bination with oxygen. In other words, that the elements, with 
the exception of the first six, are, in a qualified sense, compound 
oxygen radicles. 

The reasons for the adoption of oxygen are : (1) the remark¬ 
able coincidence of the figures for each family upon this hypo¬ 
thesis ; (2) that the atomic weights of the oxygen family of 
elements are whole multiples of that of oxygen ; ^3) the relations 
disclosed between the numbers of atoms composing the ele¬ 
ments, which cannot be other than the result of law ; and (4) 
the fact that all the elements combine with oxygen, which is also 
the most plentiful element in Nature. 

Supposing any natural family complete, its two groups are 
given by the following formulae, R being its typical element:—- 

R ( Group (a) : R 0 2 , R 0 5 , R 0 8 , RO n , RO u . 

1 Group (b) : KO, R 2 0 3 , R 2 O e , R 2 0 9 , R 2 0 12 . 

The seventh and eighth families are very incomplete, but may 
be represented in the same way. 

It will be noted that the numbers of atoms in these formulae 
are as follow :— 


The common difference in each group being 3, and the numbers 
4, 7, 10, and 13 being absent. 


The resemblance of these figures to the atomic weights of the 
ten typical elements (including four hypothetical ones) is very 
close. One is almost tempted to regard them as the primitive 
forms of the combination of matter, and to return to Prout’s 
hypothesis. 

The existence of four elements between H and Li is indicated 
as well by the gap which exists between them as by this hypo¬ 
thesis. That Fe, Co, Ni, &c., have formulae commencing 
with R 2 , is shown by the fact that they recur regularly in the 
series having these formulae, their comparative infusibility and 
low atomic volume indicating also this composition, as well as 
the fact that, if it were otherwise, the rule observable in the first 
six families would be broken through. It is, again, hardly pos¬ 
sible to suppose that the seventh family, the halogens, should 
contain the electropositive hydrogen, although the latter would 
then lose its unique position, and in this case the difference be¬ 
tween the calculated values of Ag and I (i8'9) agrees very nearly 
with that between those observed (i 8‘87), the ratio of these 
latter being very exactly determined by Stas. This, however, is 
a matter which may well be left undecided for the present. 
Should fluorine be a fundamental element, the halogen series 
will break the rule which holds for at least six o«t of the 
remaining seven families. 

The following table is constructed on the lines of Mendeleeff’s. 
The seventh and eighth families are placed first in order, and 
the calculated and observed atomic weights are placed under¬ 
neath their respective formulae. Want of data is indicated by 
blanks, but the rarer metals are omitted, although they mostly 
correspond to the formulae R 2 0 9 . It will be no^ed that the 
arrangement gives Mn, Fe, Co, Ni, and Cu an intelligible 
position in the series. 

It is not to be expected that the calculated and observed 
figures will perfectly agree, although in some thirty cases the 
average variation is 0*5 of a unit. The chief variations occur in 
two series, in which, however, the natural order is preserved, 
viz. Ti, V, and Cr, with an average error of 4*5, and all the 
elements containing 0 12 , from tungsten to bismuth, in which the 
mean difference is 9. It will be noted that this difference holds 
even in the case of the eighth family, in which the formulae con¬ 
tain the hypothetical R u , R m , and R iv , showing that the errors 
arise from a common cause. The atomic weights, since the dis¬ 
covery of the periodic law, have not been decided upon without 
reference to one another. This whole series is separated by a 
huge gap from the rest of the atomic weights, which is only 
filled in at intervals by the less common metals of the earths, &c., 
and consequently an error in one of them would certainly affect 
the whole. Similarly, the differences of 4 between the observed 
atomic weights of Ca and Sc, and Sc and Ti, are anomalous. 

On the other hand, the coincidences exhibited by the table 
cannot be the work of chance, and, considering the inexactitude 
of the determinations of many of the atomic weights, the fact 
that the average of the differences between the observed and 
calculated numbers in the large majority of the elements is only 
one unit, and that the remainder appear to arise from a single 
cause, is remarkable, especially when we consider the facts 
which are brought to light by this mode of representation. The 
law that elements essentially similar differ only by an atomic 
weight of 0 3 , or its multiple, surely deserves attention. When, 
again, the difference between the two groups of any natural family, 
and the periodicity of the properties of the elements, are ex¬ 
hibited as the result of composition, the conclusion becomes 
apparent that we have in the hypothesis at least a guide for 
future research. 

The atomic volumes of the groups commencing with RO are 
smaller than in those commencing with R 0 2 . These correspond 
to the (t even ” and “ odd ” series of Mendeleeff. Other proper¬ 
ties follow, thus affording a possible clue as to how the charac¬ 
teristics of the elements depend upon their composition. 

Without trespassing further upon your valuable space, I will 
conclude by quoting Dr. Gladstone (Pres. Address, Chemical 
Section, Brit. Assoc., Southport, 1883) 

“ The remarkable relations between the atomic weights of the 
elements and many peculiarities of their grouping, force upon 
us the conviction that they are not separate bodies created with¬ 
out reference to one another, but that they have been originally 
fashioned, or built up from one another, upon some general 
plan. This plan we may hope to understand better ; but if we 
are ever to transform one of these supposed elements into an¬ 
other, or to split up one of them into two or three dissimilar 
forms of matter, it will probably be by the application of some 
method of analysis hitherto unknown.” 
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